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ABSTRACT: Based on the freshwater and seawater budgets, the mean in/out water fluxes as well as the 
monthly changes in freshwater content were determined in Lake Manzalah. About 6693 x 106m' of fresh and 
brackish water inflow to the lake annually through the main drains discharging into the southeastern basin. 
Allowances of precipitation (105.7 x 106m3/y) and evaporation (1075 x 106m3/y) yield a net runoff of 5723 x 
106m3/y. The average changes in the freshwater content (dF) of the lake was 547.0 x 106m3 with the maximum 
i.e. 72.4 x lO'm' in July. Using the quantity of inflowing and outflowing water through Boughaz El-Gamil 
(Lake-Sea connection), the change in water volume relative to sea level change was 549 x 106m'/y. The sea-
level height (dh) induced an average monthly change of 6.5 cm. Using the amount of freshwater discharge as 
well as the lake volume, the lake water is replaced every 48 days. 
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INTRODUCTION 
Lake Manzalah is the largest northern delta lakes in Egypt. It is connected to the 
Mediterranean Sea by Boughaz El-Gamil. The lake occupies the northeastern area 
between Damietta branch of the Nile and the Suez Canal (long. 31°45' to 32°15'E; lat. 
31°00' to 31°35'N). Fig. l, illustrates the Egyptian Mediterranean coast and locations of 
some Egyptian lakes including the Lake Manzalah. Boughaz El-Gamil is a narrow 
channel which li~ nearly at 10 km west of Port Said city. The depth of the channel is 
about 6.5m, and its width is about lOOm. Another pathway for water to the lake is El-
Souffara and El-Ratama canals joining the northwestern part of the lake with Damietta 
branch estuary. The n;iain function of El-Inaniya canal draining from the Nile, is to divert 
more freshwater into the lake to overcome the problem of excessive salinity increase. 
The lake is rectangular in shape with its longer axis (about 65km) directed from 
northwest to southeast, its greatest width is approximately 45 km. (Fig.2), and has an 
area of about 700 km2• The lake is shallow with an average depth of about one meter; 
25% of the lake is less than 60 cm in depth; 50% within the rangy of 60-100 cm, while 
the. remaining 25% is more than lOOcm deep (Shaheen and Yosef, 1978). Along the 
navigational channels connecting Mataryia with Port Said and Damietta, the depth may 
exceed 3 meters. 
Most of the previous studies carried out ·on. Lake Manzalah were focused on the 
water properties. Among these, Malati (1960) gave a preliminary report on the 
hydrography of the delta lakes including Lake Manzalah. The spatial and seasonal 
distribution of temperature, salinity, chloristy, dissolved oxygen, alkalinity, and 
inorganic nutrient salts were studied by El-Wakeel and Wahby (1970), W.ahby et al. 
(1972) and Shaheen and Yosef (1978). Abdel-Moati (1985), studied in details the 
physico-chemic,al characteristics of the lake water, the status of major and minor 
elements in the lake environment as well as the levels and distribution of nine trace 
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Fig.1. Egyptian Mediterranean Coast and locations of the northern delta lakes: 1-Maryut, 
2-Idku, 3-Burullus, 4-Manzalah and 5-Bardawil. 
elements in the lake water, suspended solids and surficial bottom sediments. 
Detailed variations in the mean temperature and heat content of some Egyptian lakes 
including Lake Manzalah were studied by Said (1992). He observed that the means of 
minimum mean temperature (14.90°C) and heat content (1,490 cal.cm-2) for Lake 
Manzalah were observed in December. While the maximum values (29.29°C and 2,929 
cal.cm-2) were observed in August, with an annual heat budget of 1,439 cal.cm-2• 
Despite the available information published for the lake, its water and salt budgets 
are not yet understood. Thus, this paper presents trial to determine a physically 
meapingful water flux and budget for Lake Manzalah as a total system, using some 
applicable set of budget equations. 
MATERIAL AND METHODS 
Throughout the year of 1982, monthly water samples wer.e collected from 50 stations 
covering the Lake Manzalah using sailing and out-board motor boats. The stations were 
sampled between 10-20th of each month. At each station, water samples were collected 
at one or more depths according to the stations maximum depth. At a depth of 1 m, only 
surface samples were taken from the upper 30 cm, layer while at deeper stations samples 
were taken from the surface (upper 30 cm) and near bottom (lower 50 cm). Samples 
were taken by 2. 7 liters Van Dorn plastic 'Yater sampler. · 
Water temperature was measured to the nearest 0.1°C using the ordinary 
thermometer fitted to the inner side of the Van Dorn water sampler. The electrical 
conductivity of the lake water was measured using a portable induction salinometer 
(Beckamn RS-7C). Salinity was computed using UNESCO tables (Relis, 1965). 
Meteorological data including evaporation and precipitation were obtained from Port 
Said and Damietta Meteorological Stations during the period· of study. 
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Fig.2. Lake Manzalah, showing drains, canals, regions, zones I-IV of the lake proper and 
locations of the sampling stations. 
Water budget equations: 
The budget approach, in its simplest form, assumes that the volume of water and total 
salt content in an estuary, as averaged over a given period, are constant. Therefore, water 
and salt from all sources flowing into an estuary must be compev.sated for. by outflow of 
an equal magnitude (Frjebertshauser and Duxbury, 1973). 
According to Waldichuk (1957), the equations governing total water budget, 
freshwater budget and sea-water budget respectively, are. 
Ti+R-T0 -8W = 0 
Sb-Si Sb-So 
8F = R+(---------------) Tt(-----------------) T0 
Sb Sb 
8P=8W-8F 
Sb-Si Sb-So 
8P = (1- ---------------------) Tt(l - -----------------) T0 
Sb Sb 
Where 
Ti= average rate of inflow of water from sea to the basin. 
T0 =average rate of outflow of water from the basin to sea. 
(1) 
(2) 
(3) 
R =total freshwater input, gagged and ungagged river runoff+ direct precipitation -
direct evaporation. 
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oF = change in freshwater content of the basin. 
8P =change in sea water content of the basin, 8W-8P (all in volume/time). 
Sb = mean salinity of sea water available to fill the basin if no freshwater were 
present (a reference salinity). · 
Si =mean salinity of inflowing water (Ti water type) 
S0 =mean salinity of outflowing water (T0 water type). 
RESULTS AND DISCUSSION 
Runoff calculations: 
The freshwater contributions to the lake designated here as runoff, R, is composed of 
drain water discharge and direct precipitation on the surface of the lake minus the direct 
removal of water by evaporation. 
The total annual fresh and brackish water inflow into the lake is 6692.55 x 106m3 
(Table 1). 78.4% of this water is discharged by Hadus (49.5%), Bahr El-Baqar (25.1%) 
and Ramses (3.8%) drains which open into the southeastern basin of the lake. The annual 
contribution of El-Inaniya canal which opens in the western zone of the lake in only 
about 2.2% (i.e. 156.36 x 106m3 ); the remainder about 19.4% are supplied from other 
agricultural drains and urban waste water centers. 
Average data from Port Said and Damietta Meteorological Stations reveals that the 
rate of precipitation across the lake area is about 15.1 cm/year, while the evaporation rate 
js 153.8 cm/year. Monthly values of precipitation and evaporation are shown in Fig.3. 
The evaporation value observed in this study i.e. 153.8 cm is slightly less than 160.6 cm. 
The mean evaporation for Bardawil lagoon (Pisanty, 1980), but in good agreement with · 
the mean evaporation ( 151.5 cm) for the Egyptian Mediteirnnean waters (Said, 1993). 
The monthly loss of. freshwater from the surface water of the lake by evaporation 
exceeds the gain by precipitation over the annual cycle. The total freshwater input for the 
lake as calculated from the drains, direct precipitation and direct evaporation are listed n 
table 2. The total yearly amount is estimated as 5722.65 x 106m3 • One distinct period of 
high runoff is apparent in September. This peak coincides with the time of maximum 
drain water inflow into the lake. 
Changes of the freshwater content: 
The monthly freshwater storage of the lake (F) can be evaluated from the e~pression: 
(Sb - Sp) sb-1 x volume of water in a basin = volume of freshw~ter present, where Sb 
is the salinity of the source seawater undiluted by freshwater, and Sp is the average 
salinity of the water volume in question (Friebertshauser and Duxbury, 1973). 
In the present work, the value of Sb is 38.50%0, which represents the inn:er boundary 
of the coastal water off the Egyptian coast (El-Maghraby and Halim, 1965; Said, 1979; 
Abdel-Moati and Said, 1987). The freshwater content calculated in this manner is not 
rigorously quantitative since the value of 38.50%0 assigned fo Sb is somewhat arbitrary, 
but the volume evaluated on this basis can.be regarded as relative (Waldichuk, 1957). 
The monthly freshwater content obtained by using Sb and Sp values derived in this 
manner are used to determine the monthly change in freshwater content (dF). The 
relationship between the monthly variation of runoff and total freshwater content of the 
lake is depicted in Fig.4. From this figure, the lowest values of freshwater content are 
Table 1. Average monthly flow (m3xl06) of the different drains and pumping stations into Lake Manzalah (Ministry 
of Irrigation, cited in Abdel-Moati, 1985). CJ) 
"' 0.: 
Months Jan. Feb. March April May June July Aug. Sep. Oct. Nov. Dec. Total %Total "' ::l 
Main sources F1ow a. per year 3:: 
0 
"' Had us 207.00 158.46 261.46 257.41 235.01 270.95 347.76 338.01 342.66 331.69 265.43 295.8 3311.64 49.5 ~ 
:» 
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a. 
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...., 
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w 
Table 2. Water budget components of Lake Manzalah (m3 x 106) (.;.) N 
Month Drains Evaporation Precipitation Runoff 8F T-l To 8w bp 
D E R=D-E+P 
-
Jan. 464.27 70.5 10.3 404.07 46.00 42.91 401.03 45.95 -0.05 
"O 
p;i 
Feb. 343.75 57.8 29.5 315.45 48.91 40.55 307.2 48.8 -0.11 c. 
"' p;-
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Fig.3. Monthly mean values of evaporation and precipitation over Lake Manzalah during 
1982. 
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observed in FebrLJary, while the highest values are observed during the summer months. 
A slightly decrease in the freshwater content is observed during July in comparison with 
the other summer months (August and September). 
Determination of the inflowing and outflowing waters: 
The average monthly salinity of the inflowing (Si) and outflowing (S0) waters were 
determined from stations data at both sides of the lake outlet. Equations (1-3) can 
combined to give: 
8W =Ti +R-T0 (4) 
Sb-Si Sb-So 
R - 8F = ( ---------------) T tC-----------------) T 0 (5) 
Sb Sb 
Usi'ng the salt balance equation (Groen, 1969) we get: 
(6) 
Using the values for S0, Si, Rand dF, the inflowing (Ti) and outflowing (T0) waters 
were calculated. 
The values of the components parts of the equation used in calculating Ti and T 0 are 
listed in table 1 and 2 and figures 3-5. The maximum water exchange between the lake 
and the sea throughout the outlets is observed during the summer months (July and 
August). This noticeable increase in the water exchange caused by high S0 values 
determined from survey data for July (19.93%0) and August (18.25%0). The minimum 
exchange is observed during the winter months (Table 2), where very low values of S0 
were observeq (Fig.5). 
Calculation of the change in water volume of the lake: 
The monthly change in lake water volume (oW) due to change in sea level height 
(dh) has been calculated from equation ·(l) using Ti, T0 and R. The volume change is 
assumed to be dh times the surface area of the lake. The surface area does not change 
with dh. Values of 8W are shown in table 2, while vafues of dh are shown in table 3, 
with an average value of 6.5cm. 
Table 3. Monthly changes in the lake-level height (dh) in cm. 
Month 
Height (cm) 
J 
6.6 
F M A M 
7.0 5.8 5.4 5.1 
J J A 
5.8 10.5. 7.8 
CONCLUSION· 
Flow pattern in Lake Manzalah·: 
S,, O 
8.7 4.9 
N 
5.5 
D 
5.1 
The water circulation in Lake Manzalah is affected by several factors, most 
important among these are: the brackish water inflow, geomorphology of the lake and 
the wind regime in this area. As previously mentioned, the lake receives large amo).lnt of 
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brackish water through the different drains opening in the southern and southeastern 
parts. These huge amounts make the water level in the lake always higher than that of the 
mean sea level. Consequently, a lake-sea current is usually established. As a result, the 
water-flow inside the lake is fundamentally from south to north (Fig.6). However, due to 
the present configuration of the lake the major outflow is directed north-east through El-
Gamil outlet. About 80% of the outflowing water leaves the lake via Boughaz El-Gamil, 
while 17% flows through El-Qabouti canal (Abdel-Moati, 1985). The waters of Hadus, 
El-Baqar and Ramses drains (about 80% of the total drain water discharge are directed 
northward affecting the eastern part of the lake. On the other hand, the water of El-
Inaniya canal and the drains opening in the southwestern part flow mostly eastward to 
the main outlet. This flow is aided by the northwesterly wind prevailing in most seasons. 
A small amount of this water may however flow northward through the openings in 
Damietta-Port Said road and affect the southern part of the northwest region. This type of 
circulation is modified by the geomorphology of the lake and the presence of several 
islets and plant belts as well as the dominant prevailing wind: 
Assuming that the outflowing water (T 0 ) does not mix with the inflowing water (Tj) 
at the entrance but flows continually seaward. The flushing time, is given by V 0 /T0 ; 
where V 0 is the volume of water within the basin and T0 is the average rate at which the 
water is removed. This flushing process also assumes that within the basin Ti water is 
mixed completely. 
The annual excess freshwater and brackish water reaching the lake amounts to 5355 
x 106m3 which is about 7.7 times the open water volume of the lake. Assuming that this 
quantity is finally discharged into the sea, the lake water would be replaced once every 
one and half month (48 days). Darrag (1984) calculated the flushing period of 61 days 
for Lake Burullus (a mid-Nile delta lake). In 1935, the residence time for Lake Manzalah 
water was ab~ut 9 months decreased to 7.4 months in 1956 (Halim and Guerguess, 1978) 
and 4.5-4.6 months in 1972-1973 (Guerguess, 1979). This gradual decrease in the 
freshwater residence time of the lake water is mostly related to the progressive increase 
in the amount of drainage water discharged into the lake as well as the continuous 
decrease in the lake open water area during the last 30 years. 
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